The Lorentz drift of the electrons inside the magnetic field of 3.8 T leads to charge spreading of the order of 150 j1m for unirradiated sensors~270j1m thick. Therefore the charge will be collected in more than one pixel. Charge interpolation leads to an improved spatial resolution. The forward detectors are tilted at 20°in a turbine-like geometry to induce charge sharing so that the drift direction is not parallel to the magnetic field. A position resolution of approximately 10 j1m in both directions can be achieved with charge sharing between neighboring pixels.
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The sensors are n-on-n with n+ implants on n bulk silicon. The fabrication of n-on-n sensors is complex and requires inter-pixel isolation since n-type implants are shorted by the accumulation layer at the Si-Si0 2 interface. BPix and FPix have adopted a moderated p-spray and optimized pstop isolation, respectively. Sensors are connected to the read out chips with indium (barrel) and lead-tin (forward) bump bonding.
The ROC [4] has been designed at Paul Scherrer Institute (Zurich) with a 0.25 j1m CMOS radiation hard technology. Each ROC provides an analog readout with zero suppression of a 52 x 80 pixel-matrix, organized in 26 double-columns. The pixel-cell address is coded on six discrete levels as shown in Fig. 4 . The readout of all the ROCs of a pixel module (Bpix) or of several plaquettes on a panel (Fpix) is controlled by the
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will start taking data at the Large Hadron Collider (LHC) in 2009. It will investigate the proton-proton collisions at 14 TeV. A robust tracking combined with a precise vertex reconstruction is crucial to address the physics challenge of proton collisions at this energy. To this extent an all-silicon tracking system with very fine granularity has been built and now is in the final commissioning phase. It represents the largest silicon tracking detector ever built. The system is composed by an outer part, made of micro-strip detectors, and an inner one, made of pixel detectors. The pixel detector consists of three pixel barrel layers and two forward disks at each side of the interaction region. Each pixel sensor, both for the barrel and forward detectors, has 100x 150 J.Lrn 2 cells for a total of 66 million pixels covering a total area of about 1 rn 2 • The pixel detector will play a crucial role in the pattern recognition and the track reconstruction both in the offiine analysis and online high-level trigger. 
II. DETECTOR DESCRIPTION
The CMS pixel detector covers a pseudorapidity range -2.5<17<2.5 ( Fig. 1) , matching the acceptance of the strip tracker. The pixel cell size of 100 x 150 j1m 2 has been chosen to provide high-resolution 3D space points close to the interaction point for precise vertex determination and fine granularity for charged track pattern recognition. It consists of three barrel layers (BPix) with two end-cap disks (FPix) on each side of the barrel as shown in Fig. 2 . The 53 ern long BPix layers are located at mean radii of 4.4, 7.3, and 10.2 cm. The FPix disks (Fig. 3) extending from 6.1 to e-mail: giuseppe.cerati@cern.ch I n eq stays for 1 A1eV neutron equivalent. .
Beam axis IP
Pseudorapidity coverage of the pixel system. token bit manager chip (TBM). For each CMS Level 1 trigger, the TBM generates a token bit that is sent to the ROCs; one ROC at a time transmits its hit information back to the TBM, which, in turn, sends it to the Front End Driver boards (FED).
III. TEST BEAMS
Test beams have been carried out separately for Bpix [5] and Fpix [8] modules to measure their performance and radiation toleance.
The barrel modules were first tested in a high rate The pixel detector also allows for a standalone track and vertex reconstruction [3] , which is performed in the High Level Trigger. Obviously, in this case only tracks having three pixel hits can be reconstructed. The efficiency for these tracks is about 99% for PT~3 GeV/c (see Fig. 6 ). The impact parameter resolution is f'.J 80 /-tm for PT~6 GeV/ c. The associated momentum resolution, limited by the short pixel lever arm, is better than 20% up to PT~10 GeV/c. For PT = 1 GeV/ c tracks, in particular, the momentum resolution is about 7%.
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VI. CONCLUSIONS
After long design and construction efforts, the CMS pixel detector is now installed and operational within the CMS experiment. It is ready for the first beam collisions and physics. The author would like to thank the CMS pixel collaboration and in particular the Milano-Bicocca CMS pixel group. A special thank to Luigi Moroni and Mauro Dinardo for the precious help.
The final phase of the commissioning has already started. The pixel system has successfully joined the CMS global runs with cosmic rays and the first tracks with hits in pixel detector have been observed. An event display with a cosmic track crossing all the CMS apparatus including the pixel detector is shown in Fig. 9 . A fine tuning of the calibration parameters is still ongoing to achieve the best performance. The next shutdown will be useful to recover the few blades lost during the installation. The preliminary commissioning of the pixel detector prior to the installation at P5 has been completed. The barrel sectors have been separately tested at PSI, assembled and then shipped to CERN. The forward disks have been characterized and assembled at Fermilab, and then shipped to CERN. At the CERN Tracker Integration Facility [6] they have been re-assembled and throughly tested with an experiment-like readout system. The main calibration tests performed have been the following ones [7] :
• "Address Level Calibration", to establish a minimal safe separation among the six discrete levels, typically better than 200"; • "Pixel Alive", to check if the single pixel-cell responds in the proper way to a charge injection. The result is a map of active and dead cells (see Fig. 7 ); • "S-curve", to measure threshold and noise of each cell by analyzing the response efficiency curve at increasing injected charge values (Fig. 8) ; • "Gain Calibration", to improve the linearity of the gain curve in the low signal region and to measure the resulting fit parameters.
The resulting performance of the pixel detector is excellent. The mean noise value, indeed, is lower than 120 electrons, while the number of noisy and dead cells are < 0.014% and < 0.04% respectively. A linear gain response has been established up to 24000 electrons. This will be extended to 33000 electrons, i.e. 1.5 MIP, in the final commissioning at P5. The barrel and forward pixel detectors have been installed in CMS on 23-24 July and 29-31 July 2008 respectively. Despite the small amount of time granted for these operations, the pixel detectors have been successfully inserted in CMS. Only 1".. 15 Fpix blades have been lost during the installation for problems of power supply. The resulting situation is that 99% of the barrel and 94% of the forward detector are perfectly working. 
